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I. Fundamental Deformation Charactezistics of 80 Nickel - 20 Chromium Alloy

in Cer2p at Elevted Trnoerature.

Since the last quarterly report (October 1952) several preliminary creep

tests were run at 1150' F. Some interesting results were obtiin particularly

regarding the behavior of slip bands in crossing twin boundai c,

Preparation of SoecmGens

Two parallel flat suttfaces were milled in the gage portion of the test

bars. The specimens were first stress relieved at 900' F for 20 hours. They

were then stretched 4 percent at room temperature and given a final anneal at

2350' F for 24 hours. The grain size after this treatment ranged irom 0.2

to 1.5 mm in diameter. in coamon with certain other austanitic stuctu-res,

annealing twins were found in the grains. The specimens were electro-polished

in a mixture of methyl alcohol (two parts) and nitric acid (one part). Because

atching darkened the appearance of the specimen surface, the specimen was

tested in creep without prior etching, It will be seen later that the grain

and twin boundaries could be established after small amounts of deformation

without etching.

Specimen N-1 was subjected to creep at 1500 F. IFmaediately after

loading (stress about 20,000 psi), this specimen was elongated 4.2 percent.

Because some interesting deformation patterns were observable microscopically

during the creep test, the test was stopped and the specimen was taken out

of the furnace for examination.

rhere wre twu typos o' derox-wation patterns noted in the tU.in hich

were caused by slip in the grains.

As shorn in the upper portion of the large grain at the right side in

Figure 1, the twins are fairly wide. The slip bands are sharply bent ard

continuous in going across the twin boundaries. The slip bands appear regular

and straight in the twins.

The second type of deformation in the twins is shown in the lower portion

of the larger grain at the right side of Figure 1. The twins narrowed down in
-PingfrCn +ha ton +n +ha hn÷tnm nf the narm jrin- It Is Interestina to note

that the heavy slip bands in the grain dlsdppear diwo&t suddienly at the twin

boundaries. The heav-/ slip bands at both sides of the twin art connected



2-

by faint markings in the twins. Figure 2 shovs at higher magnification the
lower portion of this grain. In fact, the faint marks in the twins are
slip bands having a zigzag pattern.

Figure 3 shovws a case where two heavy parallel slip bond,; can also be
connected by these zigzag slip bands in going through the tvc'il (or bundles
of twins).

Future Wor
It is planned to study in some detail the conditions of tha occurrence

of these two types of deformation patterns in the twins. It is thought
that the following factors are important for their occurrenco.

1. The width of the twins relative to the magnitude of the applied stress.
2. The arrangement of the twins and the grain with respzct to the

neighboring gxains; i.e., the orientation effect and the depth of the twin
(In the direction of the thickness of the specimen).

It was found that the specimen surfaces could not be maintained clean
even for only several hours at 11,00 F. The gas - tightness of the creep
furnace was checked ald improved accordingly. With the prezent set up,
creep tests can be run up to 16000 F. Three specimens arc. ready for such
creep tests.
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Figure 1. Specimen N-1. 1150 0F, 20,000 psi°. T Maher bhi of,.- ipi .- nd

ait te twin -,IOuF-ndarip how0 pin The beair ,ort sliA t-ds
large grain at the rignt 4 The he'xvy all? b~nds ,•re connected

by faint m]arkings in the twing as shown in tne lower pobtion
of tzze same grain. 50OX.
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ftigu rie 2. ,S pecim en Nl-1, 1150 0 F,' 2 O;(• O ri'1 .:- Ai hlg- er •.. fl,., i o",,,,.•. . .-.

The faint niarkings in Figu~re 1 are •-¢tuasly regular s lip bands
in zigzag peattern. 500X.
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Fig=ure 3. 6peclien N-1, 11500F, 20,000 psi. Two p *rllel slip b-nds

are connected by regul,-r slip steps in zigzvg pattern.
500X.



titesta t-tu types or preciplitte.

"Ailnc thi: prepd4rationi of Uiz first report caeocp ar-l t Ft-r~s rv:*flh-

tusts hcvo brpn started. 5o fax th~so have been conilhctcdi z..t .1: wý!y.

Tuhe rssults of these tests Inditcate t-hzt tin. Uloys hatcflr- -A ', '1ý first

type of precipitate*, behav, in the si~n* genearal ror%*wr lirrerl.4 -- " A. thp

rolsitive atnjnts of ali=twmti and titaniun. It looks, hovw~v&. .p*. _r it,

alloys with i highi titanium to aluauirknt ratio have a lortyct ;n'ptor.' life-

andi a sub~stantially loWrmlnina creep ra-t.. Al.Inr- ha-rderz 1A will. the

acicular type of precipitate sho'ý-d inferio-r high tea'i i~tis

especlilly a lulyjhoiýr reep rate.

These tests will be continued and attempts will he wado to extract

the precipitated constituents.
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Figure 1. 2.2 percent titanium and 0.9 percent aluminum (by weight), water

quenched from 20000 F and aged 540 hours at 14500 F. Etched

electrolytically in aqueous solution of 10 percent glycerine and

5 percent hydrofluoric acid. 1500 X.
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Fiue 2 ecetttanium, (b7 ,ugnt), water- quenche-•:d from ŽO000• V an..

aged 90 horn: at 1650c r E•.uhed- =lectr• ytcJ- y , aqeou

qli.!.n n of 10 percent olycerine and 5 percent hydrofluoric
.,nn X_


